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Physics	  Mo6va6on

vMET	  triggers	  are	  essenCal	  to	  searches	  for	  new	  physics,	  in	  addiCon	  
to	  benchmark	  physics	  processes	  
❖ Any	  hint	  of	  new	  physics	  in	  Runs	  2	  or	  3	  must	  be	  invesCgated	  in	  
detail	  &	  corroborated	  through	  complementary	  channels	  

v Jet	  substructure	  is	  likely	  to	  become	  increasingly	  important	  as	  a	  
means	  to	  control	  rates	  for	  large-‐R	  jet	  triggers	  

v Calorimeter	  Triggers	  in	  Phase-‐II	  
❖ Pileup	  miCgaCon	  in	  a	  harsh	  environment	  (up	  to	  μ=200)	  is	  criCcal	  
to	  maintain	  the	  jet/MET	  trigger	  performance	  	  

❖ The	  forward	  region	  is	  parCcularly	  challenging	  (sFCal?)	  
❖ L1Global	  is	  especially	  important	  in	  the	  low	  &	  middle	  scenarios	  
where	  the	  L1	  rate	  is	  limited	  to	  200	  kHz
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Topocluster-‐like	  Processing
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
JetEtmissApproved2013HighMuEtmiss

v Topoclustering	  has	  proven	    
especially	  effecCve	  against	  pileup	   
in	  offline	  jet	  reconstrucCon	  and	   
in	  the	  HLT	  (EF)	  in	  Run	  1	  (2)	  

v Ex,ymiss	  resoluCon	  increases	  linearly	    
wrt	  the	  number	  of	  truth	  verCces, 
but	  is	  independent	  of	  μ	  

v σnoise	  includes	   
electronic	  ⊕	  pile-‐up
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Topocluster-‐like	  Processing
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v LAr	  Phase-‐I	  TDR	  Study 
only	  includes	  supercells	    
in	  MET	  calculaCon	  if	   
middle	  LAr	  layer	  saCsfies 
|E|	  >	  2σ	  

v ~20	  GeV	  reducCon	  in	  MET  
threshold	  for	  same	  rate 
(|η|	  <	  4.9)	  

v “Easy”	  to	  implement	  in	   
LAr	  DPS	  or	  aler	  L1	  Accept,	   
even	  in	  Phase	  I 
[assuming	  FPGA	  resources]

Oregon/MSU	  LAr	  Phase	  II	  Interests



                                              
                       

                                              

                       

                                              
                                              

                       
                       

                       
                       
                       

                                                                     
                       
                                                                     

                                              
                       

                       
                       

                       
                       

eta

phi

-1    0      1
-3.2

3.2

For the fpga(VHDL) algorithm starting with -1<eta<1

set data range
For fpga initial test

-1<eta,1
-3.2<phi<3.2

(zero data outside range)

1

define topocluster, 
center about seed

                         7x7 array

4

threshold data
 >2 sigma keep
<2 sigma → 0

2

                                              
                       

                                              

                       

                                              
                                              

                       
                       

                       
                       
                       

                                                                     
                       
                                                                     

                                              
                       

                       
                       

                       
                       

set topocluster at seed
sum across each eta
then sum(eta sums)

5
id seeds

3

                                              
                       

                                              

                       

                                              
                                              

                       
                       

                       
                       
                       

                                                                     
                       
                                                                     

                                              
                       

                       
                       

                       
                       

                       = zeroed gTower

                       = gTower data
= seedTopocluster in VHDL for FPGA

Simplified topcluster Firmware schematic

21st  Sept. 2015

eta
-1    0      1

                                              
                       

eta
-1    0      1

eta
-1    0      1

5Oregon/MSU	  LAr	  Phase	  II	  Interests

v PotenCal	  granulariCes:	  
v coarse	  (0.1x0.1	  or	  0.2x0.2)	  towers	  in	  (super?)FEXs	  
v over	  LAr	  SuperCells,	  before	  or	  aler	  L0	  accept	  
v over	  full	  granularity	  (high	  data	  volume!),	   

before	  or	  aler	  L0	  accept	  
v R&D	  Stage	  (recent	  MSU	  involvment):	  

v invesCgaCng	  range	  of	  granulariCes	  in	    
simulaCon,	  benchmarking	  against	  offline	    
topoclustering	  &	  jet/MET	  trigger	  performance 
(see	  next	  slide)	  

v development	  of	  analogous	  non-‐sequenCal	   
algorithm	  suitable	  for	  implementaCon	  in	  FPGA	   
(&	  feedback	  to	  understand	  impact	  on	  performance) 
C.	  Dudley	  (Oregon),	  P.	  Plucinski	  (MSU)

Possible	  Implementa6on(s)
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Abstract 

     1706.5 GeV            1658.8GeV

20-3-1 GeV

Algorithm Performance Algorithm Optimization

Topological clustering is the current method for calorimeter object 
reconstruction and suppression of multiple interactions per crossing 
(pileup) in the ATLAS detector at the Large Hadron Collider. We 
present simulation studies adopting this technique for the Level-1 
Calorimeter trigger in the Phase-I and Phase-II upgrades of the 
trigger electronics. Applying a modi.ed topological clustering 
algorithm to the 0.2x0.2 (in eta-phi) towers of the global feature 
extractor (gFEX), a component of the Level-1 trigger system for the 
Phase-I upgrade, we aim to improve the performance of the jet and 
missing transverse energy triggers. In particular, we focus on 
reconstructing so-called “boosted” objects, whose transverse 
momenta are large compared to their masses. 7e results of these 
studies are also applicable to a potential dedicated module with 
access to the full calorimeter granularity that may be implemented 
in the Phase-II upgrade.

ATLAS Calorimeter Trigger Upgrades 

Next Steps

Goals for Algorithm

Seed Layer
(20 GeV)

Primary
Layer
(3 GeV)

Perimeter
Layer
(1 GeV)

Combine
gTowers 
using
4-vectors

 Create a geometric algorithm to reconstruct events 
inspired by o9ine topoclustering algorithm.

 To be implemented in FPGA (Field programable gate array)
 

Level 1 Trigger:
Analog → Digital
Feature Extractors
0.2 x 0.2 gTowers

Level 1 → Level 0
Level 1 Trigger:
Latency 24 μs
Potential access to 
full granularity 

Z' (5 TeV) → t t  
<μ> = 80

Local 
Max 
Finding

Seed Layer

Primary
Layer

● Ensure algorithm is robust for diAerent types of physics
● Investigate relative thresholds (e.g. ET compared to 
noise)

● Explore options (e.g. geometric) for limiting recursion 
● Add depth information to gTowers (EM and hadronic 
layers)

● Extend algorithm to .ner granularity
● Evaluate performance of boosted object and missing ET 
triggers

20 GeV seeds allow for a small 
number of rejected events but also 
limit number of seeds. 

Imposing a restriction on the primary 
layer threshold limits the number of 
gTowers per topocluster
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Local Maximum Finding

Nominal

(-1.34, -1.01)              TruthTop: (-1.37, -1.06)
1185.0 GeV                               1706.5 GeV
  t → b W → b τ ν

              

(0.55, 2.09)              TruthTop: (0.54, 2.08)
1526.4 GeV                            1658.8 GeV
  t → b W → b u  d

              

We are here!

Number of Topoclusters

Phase-I Phase-II

Number of Tops vs. True Top p
T 
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Standalone	  Algorithm	  Development
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Abstract 

     1706.5 GeV            1658.8GeV

20-3-1 GeV

Algorithm Performance Algorithm Optimization

Topological clustering is the current method for calorimeter object 
reconstruction and suppression of multiple interactions per crossing 
(pileup) in the ATLAS detector at the Large Hadron Collider. We 
present simulation studies adopting this technique for the Level-1 
Calorimeter trigger in the Phase-I and Phase-II upgrades of the 
trigger electronics. Applying a modi.ed topological clustering 
algorithm to the 0.2x0.2 (in eta-phi) towers of the global feature 
extractor (gFEX), a component of the Level-1 trigger system for the 
Phase-I upgrade, we aim to improve the performance of the jet and 
missing transverse energy triggers. In particular, we focus on 
reconstructing so-called “boosted” objects, whose transverse 
momenta are large compared to their masses. 7e results of these 
studies are also applicable to a potential dedicated module with 
access to the full calorimeter granularity that may be implemented 
in the Phase-II upgrade.

ATLAS Calorimeter Trigger Upgrades 

Next Steps

Goals for Algorithm

Seed Layer
(20 GeV)

Primary
Layer
(3 GeV)

Perimeter
Layer
(1 GeV)

Combine
gTowers 
using
4-vectors

 Create a geometric algorithm to reconstruct events 
inspired by o9ine topoclustering algorithm.

 To be implemented in FPGA (Field programable gate array)
 

Level 1 Trigger:
Analog → Digital
Feature Extractors
0.2 x 0.2 gTowers

Level 1 → Level 0
Level 1 Trigger:
Latency 24 μs
Potential access to 
full granularity 

Z' (5 TeV) → t t  
<μ> = 80

Local 
Max 
Finding

Seed Layer

Primary
Layer

● Ensure algorithm is robust for diAerent types of physics
● Investigate relative thresholds (e.g. ET compared to 
noise)

● Explore options (e.g. geometric) for limiting recursion 
● Add depth information to gTowers (EM and hadronic 
layers)

● Extend algorithm to .ner granularity
● Evaluate performance of boosted object and missing ET 
triggers

20 GeV seeds allow for a small 
number of rejected events but also 
limit number of seeds. 

Imposing a restriction on the primary 
layer threshold limits the number of 
gTowers per topocluster

3GeV                                                                          5GeV

ηη

η

η

ϕ

ϕ

ϕ ϕ

Acknowledgements

Special thanks to APS-NW for the granting of a travel award allowing an 
undergraduate like myself to present my research.  

Local Maximum Finding

Nominal

(-1.34, -1.01)              TruthTop: (-1.37, -1.06)
1185.0 GeV                               1706.5 GeV
  t → b W → b τ ν

              

(0.55, 2.09)              TruthTop: (0.54, 2.08)
1526.4 GeV                            1658.8 GeV
  t → b W → b u  d

              

We are here!

Number of Topoclusters

Phase-I Phase-II

Number of Tops vs. True Top p
T 

v 2-‐D	  topoclustering	  algorithm	  
implemented	  in	  standalone	  
simulaCon	  over	  coarse	  
(0.2x0.2)	  granularity	  

v Simple	  local	  maximum	  finder	  
in	  lieu	  of	  split/merge	  

v Fixed	  threshold	  opCmizaCon	  
performed;	  relaCve	  threshold	  
(using	  noise)	  opCmizaCon	  in	  
progress

Oregon 
undergrads:  

Luc Lisi,  
Elliot Parrish,  

Brianna Stamas
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Jet	  Substructure	  in	  FEX	  System

v In	  addiCon	  to	  MET	  trigger	  
applicaCons,	  topoclusters	  can	  provide	  
a	  natural	  input	  to	  jet	  substructure	  
idenCficaCon	  algorithms	  
v Input	  to	  (or	  calculaCon	  in)	  

Phase-‐1	  or	  Phase-‐2	  gFEX	  
provides	  a	  powerful	  background	  
rejecCon	  tool.	  

v Ideally	  clustering	  is	  performed	  at	  
finest	  available	  granularity	  &	  at	  
40	  MHz	  

v Seeding	  topoclusters	  to	  jFEX/gFEX	  
algorithms	  also	  provides	  potenCal	  for	  
improved	  tau	  idenCficaCon	  
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Jet	  Substructure	  in	  FEX	  System

v gFEX	  large-‐R	  jet	  algorithms	  already	  
planned	  to	  operate	  in	  phase	  space	  
where	  substructure	  is	  important	  
v Performance	  of	  these	  algorithms	  

at	  Run-‐3	  luminosiCes	  studied	  
v Run-‐4	  luminosity	  environment	  

may	  stress	  gFEX	  trigger	  rates	  

v Substructure	  provides	  background	  
rejecCon	  that	  would	  otherwise	  have	  
to	  be	  addressed	  by	  increased	  pT	  
thresholds



9Oregon/MSU	  LAr	  Phase	  II	  Interests

Jet	  Substructure	  in	  FEX	  System

November 5, 2014
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Jet	  Substructure	  in	  FEX	  System

v Background	  rejecCon	  already	  being	  studied	  using	  gTowers	  as	  a	  proxy	  for	  
subjects	  
v Dijet	  rejecCon	  of	  >50%	  at	  95+%	  ybar	  efficiency	  already	  promising

Giordon  Stark, U. Chicago
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v Prepare	  for	  Phase-‐II	  TDRs	  
v R&D	  on	  topoclustering	  opCon	  needed	  to	   

design	  the	  system!	  
v Outstanding	  quesCons	  

v Can	  a	  clustering-‐like	  opCon	  (or	  one	  with	  similar	  performance)	  be	  
implemented	  on	  a	  FPGA?	  

v What	  is	  the	  latency	  of	  such	  an	  algorithm?	  
v What	  is	  the	  opCmal	  granularity	  to	  achieve	  performance	  goals	   

(&	  can	  this	  be	  traded	  for	  latency?)	  
v Context	  within	  internaConal	  ATLAS	  

v project	  at	  the	  border	  between	  LAr	  &	  TDAQ	  
v progress	  being	  reported	  in	  gFEX	  meeCngs

Project	  Goals	  /	  Ques6ons
can exploit synergy with 

US ATLAS TDAQ 
deliverables from Phase-I 

Construction Project - 
see MSU (W. Fisher)

S.	  Majewski,	  Oregon	  LAr	  Phase	  II	  Interests
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v Oregon	  (Stephanie):	  
v Currently	  L3	  mgr	  for	  Phase-‐1	  LAr	  DPS	  hardware	  /	  firmware	  
v Modest	  TDAQ	  R&D	  funds	  allocated	  for	  Phase-‐2	  efforts	  

v MSU	  (Wade):	  
v Currently	  L3	  mgr	  for	  Phase-‐1	  TDAQ	  ATCA	  Hub	  module	  /	  firmware	  

v N.B.:	  Reinhard	  Schwienhorst	  also	  involved	  in	  Phase-‐1	  upgrade	  (L3	  mgr	  
for	  TDAQ	  fiber	  plant	  project).	  	  Not	  certain	  of	  his	  plans	  for	  Phase-‐2	  yet.	  	  
But	  it’s	  sCll	  early.	  

v $560k	  Phase-‐2	  R&D	  funds	  award	  from	  MSU	  foundaCon	  

v Primary	  interests	  
v MSU:	  	  Hardware	  preference,	  but	  R&D	  studies	  need	  to	  support	  plans	  
v Oregon:	  HW/FW	  projects,	  guided	  by	  R&D

Current	  Status
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v Overlap	  between	  HW/FW	  implied	  
v Assume	  R&D	  =	  FY16-‐FY19,	  ConstrucCon	  =	  FY19-‐FY23	  
v SimulaCon	  /	  physics	  studies	  	  

v Physicist	  effort	  (undergraduates,	  parCal	  postdoc(s),	  PIs)

Manpower	  Es6mates

Oregon MSU

R&D	  Hardware	  Design 0.5	  FTE/yr,	  engineer	  
or	  technician

1.5	  FTE/yr,	  engineer	  +	  
postdoc

R&D	  Firmware	  Design 0.5	  FTE/yr	  engineer,	  
1.5	  FTE/yr	  technician

1.5	  FTE/yr,	  engineer	  +	  
postdoc

ConstrucCon	  
Hardware

1	  FTE/yr	  engineer,	  
1	  FTE/yr	  technician

3	  FTE/yr	  engineer

ConstrucCon	  
Firmware

1	  FTE/yr	  engineer 2	  FTE/yr	  engineer
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Figure 2. Schematic of Phase-II ATLAS Trigger. For clarity, the FELIX readout of the trigger systems is not
shown in the diagram. The Barrel Trigger Processor comprises the Barrel Sector Logic and the Barrel Level-0
MDT Trigger Processors. The Endcap Trigger processor comprises the NSW Trigger Processor, the Endcap
Sector Logic and the Endcap MDT Trigger Processors.

information. A schematic of the data flow for the proposed Phase-II trigger is shown in Figure 2.472

The Level-0 and Level-1 Central Trigger Processors (CTPs)III.4, shown in the figure, collect the473

trigger elements from the respective components of the trigger systems, apply vetoes, dead time474

and pre-scales, and distribute the Level-0 and Level-1 Accept signals.475

In order to have flexibility for future improvements, such as a single-level hardware trigger sys-476

tem, and to provide some contingency, any new electronics for ATLAS is required to be compatible477

with longer latencies, as given in Table 3. Detector elements are required to accommodate latencies478

of up to 10µs at Level-0 and 60µs at Level-1. Detector elements are also required to be compatible479

with average Level-0 rates of up to 1 MHz and average Level-1 rates of up to 400 kHz. Detectors480

buffer data during the Level-0 and Level-1 latencies, either on-detector or off-detector, as noted in481

Table 4. Off-detector buffering allows maximum flexibility for future changes to the trigger in the482

Reference scenario. In the Middle and Low scenarios, the legacy MDT system severely restricts this483

flexibility.484

In all scenarios the Trigger Level-0 trigger rate has been increased with respect to the Phase-II485

LoI to increaser the physics acceptance, especially for tau triggers. This is motivated in the trigger486

menu section below III.7. In addition, Level-0 and Level-1 detector latencies have been increased to487

allow flexibility in case the limitations from the legacy MDT system can be removed.488

The Phase-II DAQ system described in Section III.5 is designed to make maximal use of com-489

mercial networking and computing hardware. Data from the detectors will be transferred from the490

III: Trigger and Data Acquisition System Page 14 of 146
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LAr	  Phase	  II	  Architecture

S.	  Majewski,	  Oregon	  LAr	  Phase	  II	  Interests


